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Theoretical and Experimental Studies Relevant to
Interpretation of Auroral Emissions

1. Introduction

Increasingly, space based observations of upper atmospheric
emissions are supplanting their ground-based counterparts as the
methods of choice for the study of the Earth's upper atmosphere and
its interaction with the solar environment. Auroral imaging from
an orbiting platform, in particular, offers the opportunity to
provide details on the total auroral energy influx and
characteristic energy of the incident auroral particles, as well as
the capability to map and relate these parameters from the
ionosphere/thermosphere to the various regions of the Earth's
magnetosphere.

This report details the accomplishments of the first year of
what is intended to be a three year collaborative effort with MSFC
focused on the interpretation of auroral emissions and studies of
potential spacecraft-induced contamination effects. Accordingly,
the research has been divided into two tasks. The first task is
designed to add to our understanding of space vehicle induced
external contamination. An experimental facility for simulation of
the external environment for a spacecraft in low Earth orbit has
been developed. The facility has been used to make laboratory
measurements of important phenomena required for improving our
understanding of the space vehicle induced external environment and
its effect on measurement of auroral emissions from space-based
platforms. A workshop was sponsored to provide a forum for
presentation of the latest research by nationally recognized
experts on space vehicle contamination and to discuss the impact of
this research on future missions involving space-based platforms.

The second task is to add an ab initio auroral calculation to
the extant ionospheric/ thermospheric global modeling capabilities
at our disposal. Once the addition of the code was complete, the
combined model was to be used to compare the relative intensities
and behavior of various emission sources (dayglow, aurora, etc.).
Such studies are essential to an understanding of the types of VUV
auroral images which are expected to be available within two years
with the successful deployment of the Ultraviolet Imager (UVI) on
the ISTP POLAR spacecraft. 1In anticipation of this, the second
task includes support for meetings of the science working group for
the UVI to discuss operational and data analysis needs.

Taken together, the proposed tasks outline a course of study
designed to make significant contributions to the field of
space-based auroral imaging. The accomplishments of each task for
the past year are discussed in detail below and in the appendices.
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2. Space Vehicle Contamination 8tudy
2.1 Laboratory Measurements

The laboratory work under this grant has all been performed in
our Cross Section Facility. The Facility is described in the paper
entitled "Laboratory Facility for Simulation of Vehicle-Environment
Interactions" which was presented by Dr. Keffer at the Vehicle-
Environment Interactions Conference held at the Applied Physics
Laboratory, Laurel, Maryland on March 11-13, 1991. The paper is
attached as Appendix A of this report.

Work performed during the last year has emphasized gas-gas
interactions in crossed molecular beam experiments. Appendix B
contains the Semiannual Report which covers the first six months of
this period. Briefly summarizing that report, characterization of
the two pulsed molecular beams has been completed using thermal
energy oxyden and nitrogen beams. Figures 1 and 2 show typical
spatial and temporal profiles of the beam pulses. Thermal energy
differential scattering cross sections were also measured using the
oxygen and nitrogen beams. The result is shown in Figure 3. This
cross section has been compared with classical scattering theory
and shown to be in satisfactory agreement. These characterization
measurements have demonstrated that the Cross Section Facility can
be used to make differential scattering measurements without
serious systematic errors.

Atomic oxygen plays a pivotal role both in contributing to the
induced external environment around orbiting space vehicles and in
the chemistry of the earth's atmosphere. Consequently, development
and characterization of an energetic, high flux source of atomic
oxygen is one of the crucial tasks in this laboratory effort. Work
in this area has progressed well during the last six months and
substantial progress has been made toward completion of the task.
A reliable and reproducible energetic oxygen source is currently
being routinely operated. A large number of measurements have been
made of the velocity and composition of the source. Figure 4
illustrates the type of beam velocity measurements which have been
made. Two peaks are evident in the intensity vs time plot of the
mass spectrometer signal. The first peak is due to photons from
the plasma discharge formed when the molecular oxygen pulse is
dissociated by a pulse from a CO, laser. These photons arrive at
the detector essentially coincident with the formation of the fast
O atoms. The second peak in the figure is due to the fast O atoms.
The velocity of the atoms is calculated from the known distance
from the pulsed valve to the mass spectrometer divided by the time
between the two peaks since this time represents the time of flight
for the fast O atoms. The velocity for the measurement shown is
6.8 km/sec. Mass spectrometer measurements of the fast oxygen beam
have demonstrated that it is composed predominantly of oxygen atoms
with some oxygen molecules and a small percentage of atomic oxygen
ions and some impurities such as hydrogen atoms and nitrogen
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molecules. Characteristics of the energetic oxygen atom source are
summarized in Table 1.

Velocity Range |3 to 11 km/sec
Oxygen Atoms > 80 %
Oxygen Molecules < 20 %
Total Ions < 1%
Impurities (H, N,, etc.) | <1 %

Table 1: Energetic oxygen atom source operating characteristics.

In addition to these thorough facility characterization
measurements completed during the last year, work is in progress
toward achieving additional goals of the proposed multi-year
effort. Preliminary evaluations have been performed using the
energetic oxygen atom source for differential scattering cross
section measurements and for surface scattering measurements. Work
is continuing in both of these areas.

2.2 Induced Environment Workshop

A workshop has been sponsored by this grant to provide a
forum for presentation and discussion of the latest research in the
area of space vehicle induced external environments. A group of
nationally recognized experts on space vehicle contamination met

January 30-31, 1991 in Huntsville, Alabama. Twenty invited
participants each presented a paper in their particular area of
expertise. The papers and the discussion which followed was

designed to address three questions:

(1) What is our current state of knowledge of the likely
induced external environment for a large space-based
platform in low Earth orbit?

(2) What progress has been made during the last two years in
the vehicle contamination knowledge data base and in the
predictive capability of induced vehicle contamination
for future missions?

(3) What issues remain unresolved and are the most important
to investigate in future studies?

A proceedings of this workshop entitled "Workshop on the
Induced Environment of Space Station Freedom" is attached to this
report as Appendix C. Included in the workshop proceedings is an
agenda of the meeting and a list of the attendees. A paper
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entitled "Cross Section Work at UAH/MSFC" presented Dby the
Principal Investigator, Dr. Charles E. Keffer, is included in the
workshop proceedings.

3. Auroral Modeling

Modeling activities of the past year have included a series of
parameter sensitivity studies of modeled auroral and dayglow
emissions, the integration of auroral and global
ionospheric/thermospheric modeling capabilities, and support of a
science workshop for discussion of future science needs. Initial
sensitivity studies of modeled auroral emissions discussed in the
December 1990 progress report (see Appendix B) have been
subsequently extended to include modeled dayglow emissions as
provided by the Field Line Interhemispheric Plasma (FLIP) model.
This concurrent aurora/dayglow sensitivity study represents the
type of integrated auroral/global thermospheric studies toward
which the modeling program is directed. It is also a measure of
our success in meeting one of our stated research goals--the
simultaneous modeling of global airglow emissions with auroral
emissions.

In addition, a science working group meeting for the
Ultraviolet Imager (UVI) was held in August 1990 in Park City,
Utah. Attendees met for two days of informal discussion of
operational and data analysis issues. Preliminary contacts have
been made in support of a second workshop.

3.1 Auroral Modeling

A necessary and important first step in the process of
interpreting auroral images is a series of parameter sensitivity
studies to determine the dependence of modeled and measured
emissions on such variables as atmospheric composition, auroral
energy distribution, and level of solar activity. 1In a previous
study [Germany et al., 1990], carried out under contract
NAS8-37586, the sensitivity of modeled VUV auroral emissions to
likely uncertainties and anticipated changes in the neutral
atmosphere was investigated. In particular, it was shown that
selected ratios of OI 1356 and LBH emissions could be used to
extract the characteristic energy of a modeled aurora. The utility
of these intensity ratios, however, is characterized by their
sensitivity to changes in the modeled neutral atmosphere, with the
LBH ratio being much more stable than the OI ratio. Figure 5 shows
both the 0I 1356-to-LBH 1838 ratio and the LBH 1838-to-LBH 1464
ratios for ranges of levels of solar activities and for both winter
and summer conditions. As can be seen, the LBH ratio shows much
less variation than the O0I 1356 ratio for the same model
conditions. The difference in stability of the two ratios and the
utility of the LBH ratio as a determinate of incident
characteristic energy was discussed for the first time by Germany
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et al., [1990].

This initial investigation has been followed by a study
designed to determine the sensitivity of modeled auroral emissions
to the choice of electron energy distribution. Four distributions
were employed: Maxwellian, Gaussian, and two arbitrary
distributions designed to have either a very broad or a very narrow
energy range. The behavior of modeled VUV auroral emissions (OI
1356, LBH 1464, LBH 1838) was investigated as a function of the
energy distribution of the incident electron flux . For a given
average energy, changes from broader to more narrow distributions
lead to increased column intensities, provided the wavelength of
the modeled emission lies within the 0, Schumann-Runge absorption

band. This is shown in Flgure 6 where the ratio of the column
integrated auroral emission modeled with a narrow Gaussian
distribution to that from a broad Maxwellian is given. This is

interpreted as increased O, absorptlon loss from the distribution
with the more energetic electrons, in this case, the Maxwellian.
Electrons with more energy penetrate to lower altitudes where they
encounter greater O, densities. Subsequent emissions are then
reduced by the local absorption process.

Even without the O, 1loss mechanism, the high altitude
dominance of atomic oxygen leads to a dependence on energy
distribution due to increased competition with lower altitude
species. Despite the (often) large differences in the shape of the
incident auroral energy distributions investigated, the magnitude
of the differences in subsequent emission intensities is generally
less than 25%, provided the average energy and total energy flux
are held constant. This implies that the choice of electron
distribution used in our models should not be a limitation in the
interpretation of auroral images.

Another major goal of the modeling program 1is the
incorporation of the two stream auroral model within the larger and
more comprehensive FLIP model. The initial work on this goal was
accomplished in the first six months of support and was reported in
the December report. With the addition of simultaneous modeling of
auroral and dayglow emissions, sensitivity studies of total (aurora
+ dayglow) emissions are now possible. Since observation of VUV
emissions allows imaging of the aurora against a sunlit dayglow
background, a study of a typical aurora with concurrent dayglow
emissions for local noon on the sunlit Earth is underway.

The dayglow emissions are modeled with the FLIP code used in
conjunction with the two stream auroral model. The relative
sensitivity of the dayglow and auroral emissions to changes in the
level of solar activity are studied. With increasing levels of
solar activity, the total modeled emission (aurora + dayglow)
increases significantly. 1In fact, the total emission is much more
dependent on solar activity than are the individual auroral
emissions alone. Figure 7 shows column integrated emissions for OI
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1356, LBH 1464, and LBH 1838 as a function of incident
characteristic energy and as a function of solar cyclic variations.
The variation of the total (dayglow + aurora) emission with solar
activity is noted. The matching variations of the individual
auroral emissions are virtually indistinguishable. The auroral
emissions thus represent a smaller fraction of the total emission
for solar maximum conditions than for solar minimum conditions. 1In
addition, the dayglow will, of course, be independent of the
auroral characteristic energies. Therefore the shorter wavelength
auroral emissions will represent a decreasing contribution to the
total with increasing characteristic energy. For example, the OI
1356 emission contributes about 42% of the total column brightness
for low energy (1 keV) electrons. For 10 keV electrons, however,
this contribution drops to less than 10% of the total column
brightness.

The study of the combined auroral emissions is being extended
to include investigation of the relative emission intensities as a
function of the incident energy flux and of solar zenith angle.
The results of both this study and the energy distribution study
discussed above will be submitted for publication in the immediate
future.

3.2 UVI Workshops
The original modeling task included support for a UVI science

working group meeting in the second and third years of support. It
readily became apparent, however, that there were several issues

that needed immediate discussion by the group. Therefore, the
first Ultraviolet Imager (UVI) workshop was held on 15 & 16 August
1990 in Park City, Utah. The attendees included prominent

scientists in the fields of ionospheric and magnetospheric physics
and chemistry and are listed in Table 2 along with the meeting's
agenda. A major focus of the workshop was the mission science
planning and the specific science requirements of each participant
for the UVI instrument. The workshop was deliberately informal,
with each participant giving presentations about science planning
and analysis topics of particular interest to them. Copies of all
presentations were collected and distributed to each attendee for
reference. A copy of these presentations is attached to this
report as Appendix D.

The planning and coordination of the meeting was the
responsibility of Dr. Germany. His responsibilities included
arrangement of meeting facilities, communication with the science
team members, and preparation of post workshop mailings in addition
to his participation in the workshop discussions presentations.

The first meeting was considered a success by all and, pending
second year support, initial contacts have been made in support of
a second UVI workshop. Initial responses are favorable and
indicate that attendance at a second workshop held in August of
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Agenda

August 15, 1990

August 16, 1990

Introduction

Discussion of Analysis Tools

Instrument Observing Sequences

Discussion of Signal
Extraction

Review of Science Objectives

Revised Data Analysis Plan

Summary
Attendees
Dr. Joe Ajello Jet Propulsion Laboratory
Dr. Ken Clark University of Washington
Dr. Bob Clauer University of Michigan
Dr. Glynn Germany University of Alabama in
Huntsville
Dr. George Parks University of Washington
Dr. Jim Spann NASA/MSFC
Dr. Doug Torr University of Alabama in
Huntsville
Dr. Marsha Torr NASA/MSFC

Table 2. Attendees and

agenda of the UVI workshop
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Laboratory Facility for Simulation
of Vehicle-Environment Interactions

Charles E. Keffer
University of Alabama in Huntsville
Physics Department
Huntsville, AL 35899

Marsha R. Torr
NASA Marshall Space Flight Center
Space Science Laboratory
Huntsville, AL 35812

ABSTRACT

A facility for simulation and study of interactions
between a spacecraft in low Earth orbit (LEO) and its ambient
environment is described. The facility is composed of a
crossed beam apparatus with a rotatable mass spectrometer
detector. It can be used for a wide variety of vehicle
interaction studies including both gas phase and gas-surface
interactions. Measurements of differential scattering cross
sections, surface scattering phenomena, and spacecraft glow
are representative examples. A key element in the facility is
a laser-induced discharge energetic oxygen atom source for
simulation of the ambient vehicle environment. Measurements
of 1important characteristics of the oxygen atom source,
including velocity and beam composition, are presented.
Performance of differential scattering cross section
measurements is evaluated using low angle scattering from
thermal energy collisions between beams of oxygen and nitrogen
molecules.

INTRODUCTION

Spacecraft in low Earth orbit (200-700 km) are exposed to
an intense flux of atomic and molecular species from the
atmosphere. At these altitudes the major constituent of the
atmosphere is atomic oxygen which is created by solar UV
photodissociation of molecular oxygen. Typical orbital
velocities of 8 km/sec produce an atomic oxygen kinetic
energy relative to the spacecraft of nominally 5 eV. The
density of atomic oxygen varies with the amount of solar
activityj but an average value for 250 km is about 10°
atoms/cm®. The flux of atomic oxygen impinging on spacecraft
surfaces under these conditions is thus approximately 10!°
atoms/cmz/sec. This environment is known to cause a variety
of phenomena including severe surface erosion of polymers and
some metals as well as induced optical emissions in the
ultraviolet, visible, and infrared portions of the
electromagnetic spectrum [Bareiss et al., 1987].

Since the discovery of these effects several yeafs ago,
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a significant effort has been made to study them. A
combination of spacecraft glow data (see, e.g., Torr et al.,
1977; Banks et al., 1983; Mende et al., 1988) and several
recent laboratory investigations (Arnold and Coleman, 1988;
Caledonia et al., 1990; Holtzclaw et al., 1990; Orient et al.,
1990) has led to the development of a preliminary data base
for the spacecraft glow phenomena. However, very little is
yet known about such fundamental atomic and molecular
parameters as scattering, excitation, or ionization cross
sections for 5 eV oxygen colliding with other species.
Mechanisms for the spacecraft glow phenomena and the surface
chemistry processes (Kofsky and Barrett 1986) are just
beginning to be understood with much still remaining to be
learned.

An improved understanding of these atomic oxygen effects
on orbiting spacecraft is important to the success of Space
Station Freedom and to future Space Shuttle missions with
payloads which are sensitive to the induced environment around
the vehicle. Atomic oxygen also plays a fundamental role in
the chemistry of the upper atmosphere and in high temperature
combustion reactions.

FACILITY DESCRIPTION

Figure 1 shows a schematic diagram of the facility. The
basic design consists of two orthogonal fixed beam sources and
an in-plane quadrupole mass spectrometer detector which is
rotatable around the collision region of the two gas beams
[Lee et al., 1969]. The beam sources are pulsed to minimize
pumping requirements and to optimize the energetic oxygen atom
source in one of the beams. The configuration shown
illustrates the setup for making differential scattering cross
section measurements. For surface scattering measurements
only one beam valve is used and the surface material is placed
at the center of rotation of the mass spectrometer detector.

Vacuum System

The cylindrical vacuum chamber is fabricated from 304L
stainless steel with an inside diameter of 47" and height of
25.5" (see Figure 2). The walls are made thick to 1limit
distortion and misalignment due to atmospheric pressure. The
lid, which is removable to allow access to the interior of the
chamber, is 1.5" thick, the bottom is 1" thick and the
cylinder wall is 0.5" thick. The main chamber is pumped by a
3000 1/sec cryopump which removes essentially all of the gas
from each pulse prior to the arrival of the next pulse at the
usual 0.5 Hz repetition rate of the valves.

The pulsed valves are in differentially pumped chambers
each evacuated by a 1000 1/sec turbomolecular pump. A 1 mm
diameter beam skimmer separates each pulsed valve chamber from
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the main chamber and collimates the gas beam. Flexible
bellows in the pulsed valve chambers, together with horizontal
and vertical adjusting assemblies, allow the gas beams to be
aligned so as to collide at the center of rotation of the mass
spectrometer detector. Precision bearings and shafts in the
adjusting assemblies allow an alignment accuracy of + .005",
Pressure in the pulsed valve chambers is kept below 10~% Torr
during operation to 1limit loss in beam intensity due to
scattering.

The mass spectrometer is mounted inside of a housing
which 1is differentially pumped by a 230 1l/sec ion pump.
Interchangeable apertures on the front of the housing and the
entrance to the mass spectrometer ionizer limit the acceptance
angle of the mass spectrometer to the region of overlap of the
two gas beams. The mass spectrometer housing is suspended
from a rotary vacuum seal which is differentially pumped by a
small mechanical pump and a small ion pump. This arrangement
allows the mass spectrometer to be rotated about the
scattering center through approximately 200 degrees without
significantly effecting the pressure in the main chamber or in
the mass spectrometer housing. Base pressure in the mass
spectrometer housing is 10”° Torr. No measurable effect on
the pressure in the mass spectrometer occurs from operation of
the pulsed valves.

Atomic Oxygen Source

Atomic oxygen is formed in one of the beam sources by
pulsed laser-induced breakdown of pure molecular oxygen in the
manner developed and described by Caledonia et al., 1987. A
sectional view of the atomic oxygen source is shown in Figure

‘3. A pulsed valve in the center of the figure introduces a

short pulse of molecular oxygen into a conical expansion
nozzle. An approximately 8 J CO, laser beam passes through a
1 meter focal length BaF, lens shown at the lower left of the
figure. The CO, laser beam then passes through an AR coated
ZnSe window which separates the vacuum in the pulsed valve
chamber from atmospheric pressure. The beam is focussed to
about 1 cm? on a gold coated nickel copper mirror. A smaller
spot size results in an energy density on the mirror which can
cause significant damage to the mirror cocating. The 50 cm
radius of curvature of the gold coated mirror focusses the CO,
laser beam to about 1 mm? near the orifice of the valve. A
direct hit on the valve orifice is avoided since this damages
the o-ring tip which seals the valve closed between pulses.
The energy density in the focussed laser beam is sufficient to
dissociate the molecular oxygen creating a high temperature
plasma near the throat of the nozzle. The hot plasma
accelerates down the expansion nozzle as a blast wave
dissociating and accelerating most of the remaining molecular
oxygen. Fast oxygen atoms exiting the nozzle are collimated
by a 1 mm diameter skimmer as they enter the main wvacuum
chamber. Residual gas deflected by the skimmer is removed
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from the pulsed valve chamber by the turbomolecular pump. A
small fraction of the fast gas pulse is composed of ions.
These are readily removed from the pulse by deflection plates
in the main vacuum chamber. These deflection plates are
spaced 1 cm apart and biased with a few hundred volts
potential difference.

FACILITY PERFORMANCE

Differential Scattering

Classical scattering theory predicts that an
intermolecular potential of the form

V(r) = -1/r® (1),

where r is the intermolecular distance, should have a low-
angle differential scattering cross section equal to

I(0) < 677/3 (2),

where 0 is the center-of-mass scattering angle (Bernstein,
1964). This functional form of the potential is typical of
the long range attractive van der Waals forces between atoms
and molecules. Experimental results presented as log-log
plots of differential scattering cross section vs center-of-
mass angle have confirmed this predicted behavior in the range
of center-of-mass angles from roughly 1 to 10 degrees for a
large number of collision partners (Bernstein, 1964). We have
used this simple relationship to validate the capability of
our facility for making differential scattering cross section
measurements without serious systematic errors. Collisions
between beams of thermal energy oxygen and nitrogen molecules
have been used as a test system. Several sets of data were
taken for center-of-mass angles less than 10 degrees. A least
squares fit to the log of the scattered intensity vs the log
of the center-of-mass angle resulted in an experimental value
for the exponent of -2.37 % .14. This is within one standard
deviation of the theoretical value and so indicates
satisfactory agreement.

Atomic Oxygen Source

Measurements have been made on the atomic oxygen source
to determine the velocity of the atom beam. Figure 4
indicates the type of measurements which have been made. The
figure shows two peaks. The first one is due to photons from
the oxygen plasma discharge which strike the Channeltron
detector of the mass spectrometer while the second peak is due
to fast oxygen atoms. The photon peak serves as a time marker
since the arrival of the photons at the detector is
essentially coincident in time with the formation of the fast
atoms. So, the time between the two peaks represents the time
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of flight for the oxygen atoms. The velocity is thus
calculated from the time of flight and known distance from the
valve to mass spectrometer. The average velocity is 6.8
km/sec for the oxygen atom pulse shown in Figure 4. The
velocity of the oxygen atoms can be varied by changing the
laser intensity or the amount of gas per pulse. A velocity
range of 3 to 11 km/sec has been measured for this source.

The fast atom beam composition has also been measured to
determine the ratio of oxygen atoms to oxygen molecules and to
identify the presence of any impurities in the beam. Mass
spectrometer measurements of the beam have been made with a
range of 80 % to 95 % atoms in the beam. There are no metal
surfaces in the direct line-of-sight for the oxygen atoms as
they enter the mass spectrometer ionizer. However, some
recombination of atoms may occur in the mass spectrometer
during the duration of the fast pulse resulting in a loss of
atoms in the beam. The mass spectrometer measurements are
thus a lower limit on the percentage of atoms in the beam.
So, the fast atom beam is conservatively estimated to be > 80
% atomic oxygen and < 20% molecular oxygen. Some oxygen ions
are also present at less than 1 % of the beam. These ions are
readily removed from the beam by the deflection plates
described above. Impurities at other masses also represent
less than 1 % of the beam.
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Theoretical and Experimental Studies Relevant to
Interpretation of Auroral Emissions

1. Introduction

Work under this contract is divided into two tasks. Task one is a laboratory study
designed to improve our understanding of the space vehicle induced external environment
and its effect on measurement of auroral emissions from space-based platforms. Task two
is a modeling program to develop the capability of using auroral images at various
wavelengths to infer the total energy influx and characteristic energy of the incident auroral
particles. Together they provide a significant contribution to the field of space-based
auroral imaging.

2. Space Vehicle Contamination Study
2.1 Workshop Support

Planning has been initiated for a Space Vehicle Induced External Environment
Workshop. A group of experts is being convened to review our current knowledge of
induced vehicle environments, to assess progress that has been made in our understanding
of this environment, and to discuss priorities for conducting future studies. Preworkshop
support which has been provided during the first semiannual reporting period includes
invitation of participants, arrangement of meeting facilities, and preparation of a meeting
agenda. The workshop will be held on January 30-31, 1991 during the next six month
reporting period.

2.2 Laboratory Measurements

The first six months of laboratory effort have focussed on a thorough characterization
of the facility. This is essential to insure that measurement of gas-gas interactions such as
differential scattering cross sections can be made without any serious systematic errors.
Specifically, we have completed characterization of thermal energy beams of Oz and Nj.
The spatial profile of these beams has been measured to insure proper alignment and to
determine their geometric extent. Also, the temporal profiles of the thermal energy O2 and
N3 beams have been measured to confirm that the pulses from each valve arrive at the
scattering region at the same point in time. Thermal energy differential scattering cross
section measurements for O2 on N7 collisions have also been completed. Results of these
measurements have been compared with classical scattering theory and are in good
agreement. This serves as an indication that there are no serious systematic errors in
differential scattering cross section measurements made with our facility. Work has begun
on characterization of a laser induced energetic oxygen atom source. Preliminary
measurements indicate that a beam of oxygen atoms traveling at > 6 km/sec has been
formed. The ion content of the fast oxygen atom beam has been estimated to be less that
1%. Use of parallel plate deflectors reduces the ion content of the beam to a negligible
level. Characterization of the energetic oxygen atom source is continuing and will be
completed during the next reporting period.






3. Auroral Modeling

Modeling activities through the end of 1990 included an energy sensitivity study, initial
use of an integrated global-auroral model, and the support of a science workshop for
discussion of future science needs.

3.1 Sensitivity Studies

One of the first applications of the two-stream auroral code (AURCODE) was a study,
carried out under contract NAS8-37586, of the sensitivity of modeled parameters to the
choice of neutral atmosphere. This initial study has been followed by a study designed to
determine the sensitivity of modeled auroral emissions to the choice of electron energy
distribution. Four distributions were employed: Maxwellian, Gaussian, and two arbitrary
distributions designed to have very broad or very narrow energy ranges.

The results of the study indicate the average energy of the incident electron flux may
have more bearing than the energy distribution. As long as the average energy of the
selected distribution is held constant, the modeled emissions vary by less than 25%.
Visible N7 and N+ emissions are virtually independent of energy distribution. In addition,
observed variations in N2 LBH emissions are entirely due to Oy absorption effects.
Indeed, much of the observed dependence is due to Oz absorption effects. If this effect is
removed, only the modeled emissions from atomic oxygen exhibit dependence on choice of
energy distribution.

The small size of the variability most likely precludes the use of auroral images alone to
determine electron energy distributions. On the other hand, the study does indicate that the
observed emissions are not overly sensitive to the choice of incident electron energy
distribution.

3.2 Global Modeling

Integration of the two-stream auroral code into the global FLIP model has begun. A
version of AURCODE was transferred from its native VMS operating environment to the
MSFC Cray computer to allow its use with the FLIP model. After code transfer and
modification was complete, the auroral electron flux was then used to add the modeled
auroral emissions to the FLIP airglow emission.

With the successful addition of auroral fluxes to the FLIP model, sensitivity studies
have begun. Specifically, the intensity of the auroral emissions relative to the modeled
dayglow emissions is to be investigated as a function of solar cyclic behavior and possibly
as a function of neutral atmospheric composition.

3.3 UVI Workshops

The first Ultraviolet Imager (UVI) workshop was held on 15 & 16 August 1990. The
workshop allowed each of the attendees to participate in the mission science planning and
to address their specific science requirements for the UVI instrument. A major focus of the
workshop was a review of the UVT operational and science objectives.

The attendees included nationally prominent scientists in the fields of ionospheric and
magnetospheric physics and chemistry. The workshop participants and agenda are given in
Table 1.






August 15, 1990 August 16, 1990

Introduction Discussion of Analysis Tools
Instrument Observing Sequences Discussion of Signal Extraction
Review of Science Objectives Revised Data Analysis Plan
Summary
Dr. Joe Ajello Jet Propulsion Laboratory
Dr. Ken Clark University of Washington
Dr. Bob Clauer University of Michigan
Dr. Glynn Germany University of Alabama in Huntsville
Dr. George Parks University of Washington
Dr. Jim Spann NASA/MSFC
Dr. Doug Torr University of Alabama in Huntsville
Dr. Marsha Torr NASA/MSFC

Table 1. Attendees and agenda of the UVI workshop.

Dr. Germany was responsible for coordination of the meeting, which was held in Park
City, Utah. His responsibilities included arrangement of meeting facilities, communication
with the science team members, and preparation of post workshop mailings. In addition,
Dr. Germany participated in the workshop discussions and gave a presentation on the
extraction of characteristic energy from auroral images via auroral modeling.
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Summary Report on the Workshop on the Induced
Environment of Space Station Freedom

Huntsville, Alabama, January 30-31, 1991
prepared by Dr Marsha R. Torr/MSFC

Introduction. A workshop was held in Huntsville on January 30-
31, 1991 for the purpose of reviewing the state of knowledge of the
likely induced external environment around Space Station Freedom.
This workshop was chaired by Dr Marsha R. Torr and was a
continuation of an activity coordinated by the Marshall Space Flight
Center since 1987 and sponsored by the Office of Space Science and
Applications and more recently by the Space Station Utilization
Office at Reston. Two previous workshops have been held (one in
October 1987 and one in May 1988) with the express purpose of
assessing our understanding of the causative mechanisms underlying
the various phenomena in the induced environment (glows,
ionization, surface effects, gas envelope, etc). Both of the previous
meetings led to the publication of NASA Conference Proceedings
which document the contributions. As a result of the earlier
reviews, a limited number of studies were funded in an attempt to
obtain information on certain of the more fundamental processes
involved. The activity has also been used to assist NASA
Headquarters in assessing the impact of various Station design
issues on potential attached payloads. Information gathered applies
just as readily to critical Station systems such as the solar arrays.

The purpose of this meeting was to address three questions:

1) Where are we in our knowledge of the likely induced
environment?

2) What progress have we made in the past two years in
understanding this environment?

3) What areas of study are the most important for the next two
years?

Copies of the material presented at the meeting are available.






Proceedings of Meeting. The agenda for the meeting is included
here as Attachment I. The list of attendees is included as
Attachment Il. The meeting attendance was intentionally limited to
the participants and NASA invitees. Some additional observers
attended on a space available basis. The objective was to keep the
meeting rather small so as to facilitate a good working environment.
As with the previous two workshops, however, it was clear that as
word of the meeting got out, the interest in attending was high and
we had to turn a relatively large number of people away. This may
indicate the desirability of scheduling a wider attendance “tutorial”
meeting at some point to serve the purpose of briefing various

personnel working on the Station design on the issues that this panel
of experts is addressing.

As part of the first question above, reviews were presented of
various related activities that have been conducted over the past
year, including a rather sizable DOD effort on vehicle glows, and a
summary of the early findings from the LDEF program. In addition,
presentations were made of the various studies that have been
funded by this and other MSFC programs.

Despite the very limited funding that has gone into the effort, the
progress that has been made since the 1988 workshop was found to
be considerable. This s largely due to the fact that the external
Station environment represents a region of most unusual physical
processes, including both gas phase and surface phase interactions,
so that scientists in fields of appropriate expertize are challenged
by the task of understanding the phenomena. A number of facilities
have been put in place for the purpose of studying such environments
in the laboratory and early results are beginning to emerge. The
progress in developing models of the environment has made

excellent progress. Almost three years ago we had very little to
work with apart from unexplained Shuttle phenomena, and "back-of-
the-envelope” projections for Space Station Freedom. Now we are at

a point where we have the tools to begin to do believable
evaluations.
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Recommendations. In order to predict the external Station

environment, it is necessary that we are able to understand the
nature of the processes taking place within it. At present, the state
of knowledge is very poor. Over the past three years, with very
nominal resources(~$150K per year), it has been possible to make
progress in the field and to set in place important tools which are
now available for use in further studies.

At some point we anticipate that the Space Station Freedom will be
used for purposes of attaching external payloads. If NASA is to
remain a "smart buyer” in this area it is most important that we
continue the efforts (albeit at a low level of effort) to understand
the environment in which these Systems will operate, and what the
limitations on them will be. Maintenance of a multidiciplinary pool
of expertise, such as is represented by the panels put together for
these workshops and study efforts, is a valuable, if not essential,
activity.

At present there are several activities that we would recommend
for immediate attention. For example, in order to conduct almost
any assessment of the external environment, one must first model
the gas concentrations surrounding the vehicle. Once this is known,
oneé can proceed to model the induced optical emission and the
induced ionization. With these established one can compute the
backscatter fluxes, arcing, plasma discharges, optical thresholds,
etc. One can optimize the placement of vents, and establish the
impact of leaks. However, a fundamental input to models of the
neutral gas environment is the gas phase collision cross sections.
Those relevant to this problem are essentially unknown. |t is
important to measure these cross sections in the laboratory and
then input them to the models. During a shuttle docking the Station
surfaces can become flooded with contaminants. We do not know
what the residence times of these contaminants are on the surfaces,
and in the induced environment. These lifetimes can be measured in
the laboratory and it is recommended that studies be made for key
likely species such as water. If attached payloads are initially to be
mounted on the JEM, it is important that we try to establish the
environment for this location first. Relevant new evidence of
synergistic effects is emerging from the LDEF studies. These need
to be examined in the light of the Space Station Freedom external
environment work. A summary of the specific recommendations

made by individual panel members is included here as Attachment
.
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ATTACHMENT 1I:

WORKSHOP on the INDUCED ENVIRONMENT of

SPACE STATION FREEDOM
Radisson Hotel, Huntsville, Alabama

January 30-31, 1991

Wednesday, January 30, 1991

8:30AM

8:45AM

9:15AM

9:45AM

10:15AM

10:30AM

11:00AM
11:30AM

1:00PM

1.30PM

2:00PM

3:15PM

Introduction and Objectives of Workshop M. Torr
Environmental Definition and Assessment

Program D. Brewer
Current Requirements and Plans to Verify

These L. Leger
Status of Planned Investigations Attached to

Space Station Freedom M. Sistilli
BREAK

Environmental Issues from the Utilization

Viewpoint K. Schaefer

Vehicle Interaction Program at JHU/APL C. Meng
LUNCH

Glows, Accomodation and Surface Residence

Times G. Caledonia

Summary of Space Station Grounding Issues R. Carruth

LDEF: Lessons Learned convenor: A. Whitaker

R. Linton
R. Rantanen

BREAK
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nuar 1991 ntin
3:30PM Overview of Spacecraft Glow T. Slanger
4:00PM Summary of JPL Workshop on Modeling Tools J. Murphy
4:30PM Discussion
5.00PM End of Formal Presentations for the Day

6:00PM SPECIAL EVENT AT ALABAMA SPACE AND ROCKET CENTER
see attached sheet

r nuar 1, 1991
8:30AM ISEM Space Station Model Update T. Gordon
9:00AM Cross Section Work at Rice K. Smith
9:30AM Cross Section Work at UAH/MSFC C. Keffer

10:00AM  BREAK

10:15AM  Induced Emissions D. Torr
10:45AM  Atomic Oxygen Studies at PPPL J. Cuthbertson
11:15AM  Spacecraft Glow Studies and Mechanisms S. Mende
11:45AM  LUNCH

1:00PM Visit to Space Station Mockup

2:30PM Surface Temperature Dependent Glow
Mechanisms in Space N. Tolk

3:00PM What Have We Learned?
3:30PM BREAK

3:45PM Where do we go from here?
4:30PM End of Meeting






ATTACHMENT II:
LIST OF ATTTENDEES

Marsha Torr, Chairperson NASA\MSFC

Charles Keffer UAH

Anderson, Jeff NASA/MSFC

Blanchette, Fred McDonnell Douglas Space Systems Co.
Brewer, Dana NASA/HQ

Caledonia, George Physical Sciences Inc.
Carruth, Ralph NASA/MSFC

Chappell, Rick NASA/MSFC

Collier, Jack NASA/HQ

Crane, Mike Boeing

Cuthbertson, John Princeton Plasma Physics Lab
Erlandson, Bocb Applied Physics Lab

Espy, Pat NASA/MSFC

Feddes, Allan Boeing

Fichtl, George NASA/MSFC

Gordon, Tim Applied Science Technologies
Hefling-Miller, Hilda Grumman SSPSD

Hwang, Kai-Shen Grumman SSEIC

Jongward, Gary S-Cubed

Katz, Ira S-Cubed

Leifer, Joel Booz-Allen & Hamilton
Linton, Roger NASA/MSFC

McCombs, Roger BAG&E

Mende, Steve Lockheed Palo Alto Research Lab
Melendez, Daniel NRC

Meng, Ching Applied Phyics Lab

Murphy, Gerry JPL

Nahra, Henry NASA/Lewis

Nebolsine, Peter Physical Sciences Inc.
O'Keefe, Ed4 Boeing

Plaster, Teresa Grumman Space Station Integration
Rantanen, Ray ROR Enterprises

Schaefer, Kevin NASA/Reston
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Sistilli, Mark NASA /HQ

Slanger, Tom SRI International

Smith, Ken Rice University

Snyder, Dave NASA/Lewis

Suggs, Rob Grumman Space Station Integration
Taylor, Bill NASA/HQ

Tolk, Norman Vanderbilt University

Torr, Doug UAH

Whitaker, Ann NASA/MSFC

Wyman, Pete NASA/HQ

Young, Dave Grumman
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ATTACHMENT IlI:

Recommendations Made by Individual Panel Members (in alphabetical
order).

Brewer(HQ/MSS):

*Cross comparison of model results used by station engineers
and science community using station vent, leakage and
outgassing data for
-each stage in assembly sequence to identify
potential problems early on

-identification of sensitive surfaces (which will
change orientation as a function of stage)

*|dentification/quantification of neutral/plasma effects on
Station hardware.

Carruth(MSFC/EH12)

*Needed:
- definition of data required and models for environment

- meeting of atomic oxygen facility groups

- determine the causative processes involved in new
LDEF phenomena (i.e. fluorescence and synergistic
effects)

- studies of basic interactions which affect surfaces
rather subtly over time

- investigations of plasma phenomena (interactions) on
SSF systems and of mitigating techniques

Cuthbertson(PPPL):
For further progress we need:

*laboratory investigation of synergistic phenomena (UV,
temperature cycling)
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TABLE III
MASS LOSS AND THICKNESS LOSS FOR
AO0171 COMPOSITE SAMPLES

Composite Materials Mass Loss Average Thickness Atomic Oxygen
per Arga Loss (Mils) Regsgivity
(Ma/Cm )

10 — Cm/Atom
HMF 322/P1700/+45° 18.46 4.7 to 11.5% (1.9 - 4.6)
HMS 934/0° 11.79 2.5%% 1.0
HMS 934/90° 11.31 2.7 1.1
P7558/934/90° 11.27 2.7 1.1
P755/934/0° : 10.29 2.8 1.1
"sS% Glass-epoxy 2.40 0.36%%* .14
Thermal Control 0.59 Indeterminate 7 -

Aluminized Taped
"S" Glass-epoxy

* Matrix erosion much greater than fiber

*h Average of rates from 2 ends of sample; contamination
- likely on forward end

**% Fibers uneroded and become protective after injitial matrix
mass loss
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 SPACECRAFT GLOW DEFINITION

Optical emission (UV-I%)Wrgsglting directly or

indirectly from the interaction of atmospheric

particles with or on the surface of space

vehicles

With refers to chemical reactions involving

~ the spacecraft material itself, or adsorbed

contaminant species

On refers to surface-catalyzed processes,
in which the surface of the craft is not

degraded

A secondary definition includes radiation
caused by gas phase interaction between the
incoming atmosphere and desorbed material,

typically water
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CURRENT DATA BASE FOR SPACECRAFT GLOW

1) Space Shuttle
Lockheed team (Mende, Swenson, et al.)
Visible spectral region
NO, identification

2) Atmospheric Explorer (AE)
U. of Michigan/Harvard/Utah State (Yee, Abreu,
Hays, Torr, Dalgarno, et al.)
Non-dispersive filter measurements (280-730 nm)

Altitude-dependent study

3) Dynamics Explorer (DE)
U. of Michigan
Fabry-Perot system at 732 nm
Possible OH Meinel band identification

4) S3-4 DOD satellite
NRL/AFGL (Meier, Conway, Huffman et al.)
Nadir viewing
UV/Vacuum uv (120-300 nm)
N, LBH system identification

5) Ground-based shuttle overflight
NASA Ames (Witteborn et al.)
IR (1.4-1.8 um)
Consistent with very hot OH Meinel bands

Halo rather than surface glow

Other data exist, from Spacelab (Torr and Torr)

and recent ground-based measurements (Murad et al.)
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TR ANSLATIONAL ENERGY VERSUS ATOMIC/MOLECULAR WEIGHT

COLLISIONAL ENERGY (eV)
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ALTITUDE (km)
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2)

3)

4)

5)

6)

N, LBH AND NOZ* GLOWS

Common thread is nitrogen, implicating

the participation of N, chemistry

Meyerott and Swenson have discussed
N2/O interaction in the enhanced

density region in front of the shuttle
N, + 0(3P) = N(%s) + NO - 3.3 eV
2 -3.3e
Both N and NO are products
Likeliest NOZ* source is:
0 + NO = NO,*(surf) - No,*(gas) »
NOZ + hv (400-800 nm)
Likeliest Nz* source is:

N(4s) + N(4s) + N,*(surf) - N,*(gas) -
N, + hw (140-200 nm)
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THE ROLE OF TRANSLATIONAL ENERGY

L

2)

3)

4)

Is there one?

If N and NO are scavenged from the atmosphere,
it is not evident that the 5-10 eV translational

energy is necessary for excited state production

If N and NO need to be produced in situ, then

the endothermic N2 + O reaction is where the

translational energy is needed

Laboratory reactions with O-atom sources in which
the system is doped with NO may therefore indicat

no role for translational energy
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SURFACE vs GAS PHASE CHEMISTRY

1L

2)

3)

4)

Where do N2 and O interact?

Probability of N,/0 collision is far
higher on the surface than in the plow

cloud, at 1011 cp-3

particle density
Surface O-atom coverage is likely to be

substantially higher than N, coverage

Therefore, most probable interaction is
fast N2 (9 eV) colliding with surface-bound
0(3P), to generate N + NO
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THE OH MEINEL SYSTEM

(VIBRATION/ROTATION BANDS)

1) Atmospheric generation by H + 03 -+ OH(vib) + 02

2) Commonly seen in afterglow systems
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e
on (-8 .
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b gl 30 oV o ol 14
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NIGHTTIME MESOSPHERIC OH RELATIVE INTENSITY
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1)

2)

3)

4)

Many low-lying molecular states are metastable,

partlcularly for homonuclear ﬁolecules (Nz, 02)

Such states will not be seen to radiate from the
emitting vehicle, but should be discernible from a
distant platform. A particle with a 100 ms radiative
lifetime travels ~50 meters at thermal velocity

before radiating

The most prolifically produced molecule should be 0,5,
with large quantities of 02(a A ) [r = 1 hr],

02(blE ) [rp, = 12 sec], and vibrationally
excited O, being generated

Non-radiating molecule production is likely to greatly

exceed that of ev-ited molecules (has been shown for NOZ)
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